We present new radial velocities for 306 bright (R < 16) galaxies in a 77 deg 2 region of the Shapley supercluster measured with the FLAIR-II spectrograph on the UK Schmidt Telescope.
Introduction
The Shapley supercluster (SSC) has been investigated by numerous authors since its discovery in 1930 (Quintana et al. 1995; hereafter Paper I) . It lies in the general direction of the dipole anisotropy of the Cosmic Microwave Background (CMB), and is located at 130 h 75 Mpc away from us). It consists of many clusters and groups of galaxies in the redshift range 0.04 < z < 0.055. The central cluster A3558 has also been measured with a ROSAT PSPC observation by Bardelli et al. (1996) who derive a total mass of M tot = 3.1 × 10 14 M ⊙ within an Abell radius of 2 h −1 75 Mpc. Several other x-ray clusters form part of the Shapley supercluster (Pierre et al. 1994) .
The Shapley supercluster is recognised as one of the most massive concentrations of galaxies in the local universe (Scaramella et al. 1989; Raychaudhury 1989) , so it is of particular interest to consider its effect on the dynamics of the Local Group. In Paper I it was estimated that for Ω o = 0.3 and H o = 75 kms −1 Mpc −1 the gravitational pull of the supercluster may account for up to 25% of the peculiar velocity of the Local Group required to explain the dipole anisotropy of the CMB radiation, in which case the mass of the supercluster would be dominated by inter-cluster dark matter.
Previous studies of the Shapley supercluster (Paper I, Quintana et al. 1997 ; hereafter Paper II) have concentrated on the various rich Abell galaxy clusters in the region, but this might give a very biased view of the supercluster. As was noted in Paper I, "the galaxy distribution inside the supercluster must be confirmed by the detection in redshift space of bridges or clouds of galaxies connecting the different clusters".
We are continuing this project, using data from wide-field multi-fibre spectrographs to measure many more galaxy redshifts and get a more complete picture of the composition of the supercluster. Our main aims are first to define the real topology of the SSC: in Paper I it was shown that the SSC is significantly flattened, but the real extent of the concentration is not well defined. Secondly we will analyse the individual X-ray clusters that are true members of the Shapley Supercluster in order to estimate the cluster masses, and investigate suspected sub-structure. Additional observations are planned before we present a full analysis of the dynamics (Proust et al. 1998 in preparation) .
In Paper II we presented data from the MEFOS spectrograph on the European Southern Observatory 3.60m telescope. This has 30 fibres in a 1 deg diameter field, so the observations were again mainly concentrated on the known clusters, determining for several of them if they were members of the supercluster or not.
In this paper we present new data obtained with the FLAIR-II (Parker & Watson 1995; Parker 1997 ) multi-fibre spectrograph on the UK Schmidt Telescope at the Anglo-Australian Observatory. This has 90 fibres in a 5.5 × 5.5 deg 2 field and has allowed us to measure a much more uniform distribution of galaxies in the direction of the SSC, avoiding the previous bias in favour of the rich clusters. Our data reveal the existence of a sheet of galaxies connecting the main parts of the supercluster. We describe the sample and observations in Section 2. We present the results along with previous measurements in Section 3 and discuss the significance of the measurements in Section 4.
Observations
Although a large body of galaxy velocity data is available in the literature for the SSC, the existing samples of redshifts in each cluster are highly incomplete, even at the bright end of the luminosity function. We have therefore started a campaign to obtain complete samples down to the same magnitude below L * for each cluster. Each selected cluster has a projected diameter of 2.5 to 3.0 degrees, so the FLAIR-II system on the UKST with a 5.5 × 5.5 deg 2 field is an ideal facility for this project. The very wide field also permits us to probe the regions between the dominant clusters neglected in previous observations. In this paper we emphasise our results from these regions.
We selected targets from red ESO/SRC sky survey plates scanned by the MAMA machine at Paris Observatory (as described in Paper II; see also Infante et al. 1996) . The fields observed (listed in Table 1) were the standard survey fields nearest to the centre of the cluster (13:25:00 −31:00:00 B1950). These covered an area of 77 deg 2 allowing us to probe the limits of the SSC out to radii as large as 8 deg.
We defined a sample of galaxies to a limit of R < 16, corresponding (assuming a mean B − R = 1.5) to B < 17.5, the nominal galaxy limiting magnitude of the FLAIR-II system. This corresponds to an absolute magnitude of M B = −19 at the Shapley distance of 200 h −1 75 Mpc. This gave samples of 600-1000 galaxies per field. We then removed any galaxies with published measurements in the NED database or measured by H. Quintana and R. Carrasco (private communication, 1997): 46 galaxies for F382, 81 for F383 and 200 for F444. For each observing run we then selected random subsamples of about 110 targets per field from the unobserved galaxies. When preparing each field for observation at the telescope we made a further selection of 80 targets to observe (10 fibres being reserved for measurement of the sky background). This final selection was essentially random, but we did reject any galaxies too close (less than about 1 arcminute) to another target already chosen or a bright star.
We observed a total of 3 fields with the FLAIR-II spectrograph in 1997 May and two more in 1998 April. The details of the observations are given in Table 1 . In 1997, out of 6 allocated nights we were only able to observe 3 FLAIR fields successfully due to poor weather and the first of these was repeated over 3 nights. Field F444 was observed in particularly poor weather resulting in a much lower number of measured redshifts. In 1998 we again had poor weather, and were only able to observe two fields in an allocation of 8 half-nights. Note: N z is the number of galaxies with measured redshifts in each field.
The data were reduced as in Drinkwater et al. (1996) using the dofibers package in IRAF (Tody 1993). We measured the radial velocities with the RVSAO package (Kurtz & Mink 1998) contributed to IRAF.
Redshifts were measured for absorption-featured spectra using the cross-correlation task XCSAO in RVSAO. We decided to adopt as the absorption velocity the one associated with the minimum error from the cross-correlation against the templates. In the great majority of cases, this coincided also with the maximum R parameter of Tonry & Davis (1979) . The redshifts for the emission line objects were determined using the EMSAO task in RVSAO. EMSAO finds emission lines automatically, computes redshifts for each identified line and combines them into a single radial velocity with error. Spectra showing both absorption and emission features were generally measured with the two tasks XCSAO and EMSAO and the result with the lower error used. In two spectra with very poor signal (13:05:19.9 −33:00:31 and 13:23:22.9 −36:47:09) the emission lines were measured manually and a conservative error of 150 kms −1 assigned. We measured velocities successfully for 306 galaxies in the sample: these are presented in Table 3 .
We have compared the distributions of the galaxies we measured to the input samples to check they are fair samples. There is no significant difference in the distributions of the coordinates but there is a small difference in the magnitude distributions in the sense that the measured sample does not have as many of the faintest galaxies as the input sample. This is to be expected as these would have the lowest signal in the FLAIR-II spectra, but this should not affect our study of the spatial distribution significantly.
Results
Previous studies of the SSC have covered a very large region of sky, but we will limit our analysis in this paper to the region of sky we observed with FLAIR-II: the three UK Schmidt fields in Table 1 . In some cases we will further restrict our analysis to the two Southern fields F382 and F383 where our observations were much more complete. The distribution of these fields and the galaxies we observed is shown in Fig. 1 . We also show any previously observed galaxies and the known Abell Clusters.
We present the resulting distribution of galaxies towards the Shapley supercluster in Fig. 2 as cone diagrams and in Fig. 3 as the histogram of all velocities up to 40000 kms −1 . The importance of the SSC in this region of the sky is demonstrated by the fact the fully three quarters of the galaxies we measured belong to the SSC with velocities in the range 7580-18300 kms −1 . In all the plots the new data are indicated by different symbols to emphasise their impact (this can also be seen by comparing these figures with the equivalent ones in Paper II). It can be seen that by probing large regions of the SSC away from the rich Abell clusters, we have revealed additional structure which we discuss in the following sections.
Foreground Galaxies
First in agreement with previous work we also note the presence of a foreground wall of 269 galaxies (Hydra-Centaurus region) at V = 4242 kms −1 with σ = 890 kms −1 in the range 2000 − 6000 kms −1 . This distribution can be related with the nearby cluster A3627 associated with the "Great Attractor" (Kraan-Korteweg et al. 1996) .
Clusters in the Shapley Supercluster
The previous observations reported in Papers I and II concentrated on the Abell clusters, clarifying the location of many of them. We reproduce a list of the main clusters in the SSC region in Table 2 for reference and plot their positions in Fig. 1 . As noted above, our new measurements concentrate on galaxies outside the rich clusters in this field. In particular we observed virtually no galaxies in foreground or background clusters. We compare the distribution of the SSC galaxies to the Abell clusters in two velocity slices in Figs. 4 and 5.
In the near side of the SSC (7580 < v < 12700 kms −1 : Fig. 4 ) we detected several new galaxies in the clusters A3571 and A3572. This region has a very extended velocity structure with several galaxies in the higher range (Fig. 5) . At the velocity of the main part of the SSC (12700 < v < 18300 kms −1 : Fig. 5 ) we have found additional galaxies in many of the clusters, especially the poorer ones like AS726, AS731 and A3564. The main conclusion however is that the clusters are seen as peaks in a sheet-like distribution rather than isolated objects.
Structure of the Shapley Supercluster
The main impact of our new data is to revise our knowledge of the large-scale structure of the SSC by measuring a large number of galaxies away from the rich Abell clusters previously studied. The majority of the galaxies we observed were part of the SSC, so our principal result is to show that the SSC is bigger than previously thought with an additional 230 galaxies in the velocity range 7580 < v < 18300 kms −1 compared to 492 previously known in our survey area.
Looking at the cone diagrams (Fig. 2 ) and the velocity histogram in Fig. 3 our first new observation is that the SSC is clearly separated into two components in velocity space, the nearer one at v = 10800 kms −1 (σ v = 1300 kms −1 ) to the East of the main concentration at v = 14920 kms −1 (σ v = 1100 kms −1 ). The two regions contain 200 and 522 galaxies respectively. Some evidence for this separation was noted in the velocity distribution in Paper II, but it is much clearer with our new data.
Secondly, it can be see from the Declination cone diagram in Fig. 2 as well as the sky plots in Figs. 4 and 5 that the Southern part of the SSC consists of two large sheets of galaxies of which the previously measured Abell Clusters represent the peaks of maximum density.
To consider the significance of this extended distribution of galaxies it is helpful to define an intercluster sample consisting of galaxies in the Southern fields (F382 and F383) outside the known Abell clusters in the SSC velocity range. We eliminated all galaxies within a 0.5 degree radius (about 1 Abell radius) of all the clusters shown in Figs. 4 and 5. Very few of the previously-measured galaxies remain in the sample. In Fig. 6 we plot a histogram of the galaxy velocities in this inter-cluster sample compared to the predicted n(z) distribution of galaxies. The predicted distribution was based on the number counts of Metcalfe et al. (1991) normalised to the area of the Southern sample after removing clusters (44 deg 2 ) and corrected for completeness (304 out of a possible 1194 galaxies measured in total). We also show the histogram (shaded) and predictions (dashed) for the previously-measured galaxies in the same field (128 out of a possible 1194). The histogram shows that even for the inter-cluster galaxies there is a large overdensity in the SSC region (7500 < cz < 18500 kms −1 ): we measure 161 galaxies compared to 74 expected. This is an overdensity of 2.0 ± 0.2 detected at the 10 sigma level. This is averaged over the whole SSC velocity range; the overdensity in individual 1000 kms −1 bins peaks at about 7. By comparison the previous data (42 galaxies, 33 expected) gave an overdensity of 1.3 detected at only 1.5 sigma. The overdensity for the whole SSC including the Abell clusters is, of course, much larger still.
These new observations mean that we must modify the conclusions of Paper I about the overall shape of the SSC. In Paper I it was concluded from the velocity distribution of the clusters that the SSC was very elongated and either inclined towards us or rotating. The SSC extends as far as our measurements to the South, so we find it is not elongated or flattened. We now suggest that it is more complex still, being composed of the known Abell clusters embedded in two sheets of galaxies of much larger extent.
Discussion
Our new observations of galaxies towards the Shapely supercluster have, by surveying a large area away from known clusters, revealed substantial new large structures in the region. The cluster is part of a much large structure than was apparent from the previous observations, extending uniformly in two sheets over the whole region we surveyed to the South of the core of the SSC. We detected an additional 230 members of the SSC in our whole survey area, representing a 50% increase on the previous total of 492 SSC galaxies. Our measurements to the North of the cluster were much less complete (only one field in poor weather) so we cannot exclude the possibility that these sheets of galaxies extend equally to the North. Recent results by Bardelli, Zucca & Zamorani (1999) support this possibility: they have measured galaxies in 18 small (40 arcmin) inter-cluster fields North of the core of the SSC and also find an overdensity at the SSC velocity.
In Paper I the effect of the SSC on the dynamics of the Local Group was estimated. It was found that the mass in the cluster could account for at least 25% of the motion of the Local Group with respect to the cosmic microwave background. Our new data suggest that the SSC is at least 50% more massive with a significant part of the extra mass in the closer sub-region. The SSC therefore has a more important effect on the Local Group that previously thought, although we defer a detailed calculation until we have additional data (Proust et al. 1999, in preparation 
